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DEFORMATION ON RELATED APPLICATIONS - tkc hlUuiHJ 

[This application claims the priority benefit of U.S. provisional patent 
application serial No. 60/073,709, filed February 4, 1998, U.S. patent 
U application serial No. 09/050,083, filed March 30, 1998 (which will be converted 

to a US provisional application pursuant to a petition filed on January 27, 
1999), and US provisional patent application titled "Crystalline TNF-a- 
£ 10 Converting Enzyme and Uses Thereof," filed January 27, 1999.] This 
application is a continuation of U.S. Serial No. 09/611.722 fi led July 6. 2000. 
which is a divisional of U.S. Serial No. 09/244.984 filed on Febru ary 4. 1999. 
which claim s the priority benefit of U.S. Provisional Application No. 60/117.476 
filed on January 27. 1999. U.S. Provisional Application No. 60/135.499 filed on 
15 March 30. 1998. and U.S. Provisional Application No. 6 0/073.709 filed on 

February 4. 1998. The contents of these prior applications are hereby 
incorporated by reference. 

BACKGROUND OF ^^jN¥ENTION 
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SHHVf MARl Oh 1HE IN MENTION 


According to one aspect of the invention, there is provided a composition 
comprising a polypeptide in crystalline form, wherein the polypeptide is a TNF-a- 
converting enzyme polypeptide. In one embodiment, the TNF-a-converting enzyme 
polypeptide comprises the TNF-a-converting enzyme catalytic domain. In another 
embodiment, the TNF-a-converting enzyme polypeptide is the expression product 
of a polynucleotide encoding the pro and catalytic domains of TNF-a-converting 
enzyme. In a further embodiment, the TNF-a-converting enzyme polypeptide is the 
expression product of a polynucleotide encoding the amino acid residues 1-477 of 
TNF-a-converting enzyme. In yet another embodiment, the polynucleotide is 
substituted such that amino acid residue Ser266 is changed to Ala and amino acid 
residue Asn542 is changed to Gin, and wherein a second polynucleotide encoding 
the sequence Gly-Ser-(His) 6 (SEP ID NO: 2) is fused to the C-terminus. 
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Accojjtolfft^ another aspect of thgiaverrtipn, the composjjjjwtratove further „ 
comprising a bmding partner suitable for co-cj^stallizatioja^ith the T£JF-a- 
a)nverting^nzyme polypeptide. In on^^fnbodimpaC the bindjjag^partijsf is a 
hydro^amate-baspd^binding partpef. In anojfcher embocjkrient, thp^bmding pajtrfer is 

4d , L-2^^roxy amiipc^o 
din^tfiylbutanoylTl^ amide. 

AcQofmng to further embodiments, the cdmposijkjfis above have a crystal 
struQttfre diffractijiglo l^K y are monocliflic, h<jv£a unit cell comprising-Wur 
fystallogr^pfiica^independent Tl^a-cpirferting enzyme catalytic domain £PCD) 
mol^tfles,Ja^ve the TCD monies are in an asymmetpeimit, and/or have 
Uia nopnmc ;pace c r< >up rl x and/the cell has thepdistants a=61.3£/A, b = 126.27 A, 
c=^81.Z7 A, and |>^107.41X 

"another ^ifibodimejiH)f the invention, the^olypeptides above 
ferized by the /tructjtr^coordinates according fo TableJ^eflsubstantial part 
thereof. 
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storage regions contmjifiglnSnnation for visually depleting a characteris tic of on e 
of a plurgji^rof^nino acids; wherein said§eednd-type storage^cglons are logipally 
Jssociated with said first-type stojag^gions ins^video memory tojejifesent a 
geometric arrangementpf^tleast one characteristic of saidjaJieSst a portion of said 
TNF-a convertjng^enzyme pojypgptide in said thre^dimensional space. In one 
embodimelit, the secpad^type storage regipnsiire logically associated with said first- 
typerstorage^egions in said video^mory to represent a geometric arrangement of 
at le<jst"6ne characteristic jrf^catalytic domain portion ofsaid^FNF^ co^yeffmg 
Enzyme polypepti^In said three dimensionaLspa£e. In anot^e^-embodiment, the 
10 first-type storage regions and said^€£ond-type stor^rfegions are regions of a 

semiconductor memoj^lnyet another epab6diment, the first-type storage regions 
said seopfltftype storage regipflSare regions of anopticaWisferTiTs^ anot 
Jiment, the first-typ^forage regigiifr«ia^aid second-type storage-itgions are 
regions of a magnetk^memertyTln a further embodiment, thp^rtdeo memory 

comprises a plur ality of first-type and second-type storage regions. 

In a still further aspect of the invention, there is provided a method of 
identifying a compound that associates with TNF-a-converting enzyme, comprising 
(A) designing an associating compound for said polypeptide that forms a bond with 
the TNF-a-converting enzyme catalytic domain based on x-ray diffraction 
20 coordinates of a TNF-a-converting enzyme polypeptide crystal; (B) synthesizing 

said compound; and (C) determining the associate capability of said compound with 
said TNF-a-converting enzyme. In one embodiment, the associating compound is 
an inhibitor, mediator, or other compound that regulates TNF-a-converting enzyme 
activity. In another embodiment, the associating compound is a competitive 
25 inhibitor, un-competitive inhibitor, or non-competitive inhibitor. In still another 
embodiment, the coordinates are the coordinates of Table 1, or a substantial part 
thereof. In a further embodiment, the TNF-a-converting enzyme polypeptide 
crystal comprises the TNF-a-converting enzyme catalytic domain. In still another 
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embodiment, the TNF-a-converting enzyme polypeptide is the expression product 
of a polynucleotide encoding the pro and catalytic domains of TNF-a-converting 
enzyme. In yet another embodiment, the TNF-a-converting enzyme polypeptide is 
the expression product of a polynucleotide encoding the amino acid residues 1-477 
of TNF-a-converting enzyme. In another embodiment, the polynucleotide is 
substituted such that amino acid residue Ser266 is changed to Ala and amino acid 
residue Asn542 is changed to Gin, and wherein a second polynucleotide encoding 
the sequence Gly-Ser-(His) 6 (SEP ID NO: 2) is fused to the C-terminus. In a 
further embodiment, the TNF-a-converting enzyme polypeptide crystal is co- 
crystallized with a binding partner. In still another embodiment, the binding partner 
is a hydroxamate-based binding partner or N-{D,L-2-(hydroxyaminocarbonyl) 
methyl-4-methylpentanoyl}-L-3-amino-2-dimethylbutanoyl-L-alanine,2-(amin^ 
amide. In yet other embodiments, the TNF-a-converting enzyme polypeptide 
crystal has a crystal structure diffracting to 2.0 A, is monoclinic, has a unit cell 
comprising four crystallographically independent TNF-a-converting enzyme 
catalytic domain (TCD) molecules, has the TCD molecules are in an asymmetric 
unit, and/or is of monoclinic space group Vl x and the cell has the constants a=61.38 
A, b = 126.27 A, c=81.27 A, and p = 107.41°. In still another embodiment, the 
invention the associating compound is designed to associate with the ST region of 
TNF-a-converting enzyme. In yet another embodiment, the associating compound 
is designed to associate with the S1'S3' pocket of TNF-a-converting enzyme. In 
still other embodiments of the invention, the associating compound is designed to (i) 
incorporate a moiety that chelates zinc, (ii) form a hydrogen bond with Leu348 or 
Gly349 of TNF-a-converting enzyme, (iii) introduce a non-polar group which 
occupies the ST pocket of TNF-a-converting enzyme, (iv) introduce a group which 
lies within the channel joining SI' - S3 ' pockets of TNF-a-converting enzyme and 
which makes appropriate van der Waal contact with the channel, and/or (v) form a 



Attorney DotkU Nan 16761/l^ T 



o 
Q 

I* I 

SI 

3 : I 

' 

ill 
Mi 

a 

o 

ru 

W 


*5 


Atto r ney Dook a N u .. 1 6 761/1 fC 


15 


20 


25 


^7 



BRIEF DESCjaPTKffTOF THE FIGI 

Fig. 1: Figure 1 is apbbon diagram of the TACEwtaJ^ic-4emam-^TCD). 
The chain starts onjhelower left back site^fflfflnrough the stiu^j^Iements si, 
hAI, hA, sJlriiB, hB2, sni^rTvCsIVb, sV, hC^cMunTand hD, andjndsjn. 
me wJper left teckr^The three disulfides^are^shown as couaections, with the 
^phur&^given as small spheres. The^catalytic zmcieefitral sphere) is ligand^tTby 
Setoee imidazoles of Hjs4l^His409^pd^415, and by the hy^olcyl and the 
carbonyl oxygen^rtoms of the inhibitor hydroxamic acid^roup. The inhibitor 
miniickinginferaction ofjjrimed-site residues of a pgptiae substrate is shown in full. 
Figured was niade^using SETOR. See^Vans, S. "SETOR: Hardware Lighted 
ree-Dimelisional Solid Model Representations of MacromoleculesWr-MoT 
or^. 11:134-138 (1993^ 

Figs. 2a andk2b: Figures 2a andJ2trare solid surface reDreseatations of the 
catalytic dopjams of TACEjT-€l5)(Figure 2a) and^4MP^3 (Figure 2b). The 
electrostatic surface potential is contouredJtem^lS (intense red) to 15 (intense blue) 
T/e. Both-active-site cleftsjjia-from left to right, with the catahrtjrT""zTn7^ftoms 
(spheres) in the centefsT'ln TACE, me^bmyid-4rffiIbltor is stu wn htTuII structure 
"binding witjMtglsobutyl (PnjuKHfsAla (P3') sid^afflTinto the deep SI' and the 
leOTientation is simil>f^o Fiff. 1 Figures 2a-aad-^tewere 
made ujiingtJRASP. Nicolls, A., Bhafadwaj^ 

"representation and analysis o f sumegproperties," Biophys. 64, A166 (1993) 

Fig. 3:Figure 3 aligns the catalytic domain sequences of adamalysin II 
(ADAM CROAD) (SEP ID NO: 4) . TACE <SFX) ID NO: 5) and human ADAM 
10 (hADAMlO) ( SEP ID NO: 6) . according to their topological equivalence and 
sequence similarity, respectively. The residue numbers are due to the generic 
TACE numbering. Arrows and braces represent p-strands and a-helices in TACE. 
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The XA^E^mipc^ acid sequencer^ anv^Srt or residue thereof^ 
fouiuHn Black etjit^\"A Me^lte^einase^mtigrin that relea^^C^oiir^aecrosis 
'ftctor-a froj^cdk ,\Ndture 385: 72^3 (Feb. 1997>^lierein ingpr^orated in the 
entiretyby refefence. Variation^ the amipe^cid sequenpe'of TA^^afe^iaiiii. 
the/pr£s£nt invention as welK All inferences to the ^ZACB^ffuno acid sequence 
contained here in refer to the sequence in Black ** qL , supra 


" As used herein, the TACE catalytic domain (TCD) refers to the portion of a 
TACE polypeptide between residues 215 and 477 and including the preceding furin 
cleavage site (residues 211-214), or any part thereof that is capable of cleaving the 
peptide PLAQAVRSSS (SEP ID NO: 1) . 


icationof T ACETolvpeptides 
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rumor necrosis factor-a converting epzyirte" (TACE) ^described in the 
published PCT application^). W0^96#1624. TTi^plication desrcibi 
nucleic acids enpoding TA£R"or portions of^fXCE, ex^egsierfvectors comjjjisihg 
a cDN A^^odijig^fACE or portions thereof^tfid host cells transformed or 
trstfisfected-ivith the expres^krii vectorscoli^rising a cDN^^coding TACE or 
tions of TACE. /llie application further describes processes for producing 
TACE and po^titfns therepfffor example by cykriring transfected cells engineered to 
express FACE, fptt6wed by purificati^of the recombinantly produced, JACEjjf 
porrtoii ttjereot. Methods of^solating, expressing^^^purify^ 

: are described in^etail in publishe^JPC^applicatiop^a WO 96/41624. 
The entirety of PCT^/41624 is incpip6rated hereinb^rgference. 

According to the Jnv^ntion, cDNApacioding the signal peptide, 
catalytic d^ainS/ofT ACE, i.e., zprino acid residues L-477^ts inserted 
suitab!ejsxi5n^sion vector and^^ressed in>smt561e cell line. The cDNAr^lso may 
include other regions t^JEaeilifate expression or achieve 
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otherwise. 


nons. 


^do not^part from j^^ssenpeTof the invention, such as flanking 


Ths^DNAs encoding the^TACE polypeptide^ funcjkmal portions thereof, 
the J€t), may teetered by addijie^ substitution, deletion, or insertion. 
Srations mvfoe made, fo^xample^to prevent glycosolation, prevent 
fmation of i#5orrect or unOeSired disulfide bridges, and/or enh^nee^exp^sion. 
Examples^! such alterations are dejtffibed in WO 96/41624^nd cap^be carried out 
by thtfmethods described theism and other conv§nti6nal meft^ds. TACE may^also 
conjug^d. Such conjugates m^comprise prides addetTto facilitate 
purification and/or i^tificatioj^Such peptid^^c|jid<1for examphyfbly-His 
Dtides. Conjugat^njs-Clescribed in U.S. P&enTNo. 5,011,912 ^Ugpp-eTaC 

Bio/Technol ogy 6:1204 (1988). . - 

In one embodiment of the invention, the cDNA encodes a TNF-a converting 
enzyme polypeptide comprising the signal peptide, pro and catalytic domains of 
TACE (TCD), residues 1-477, with Ser266 changed to Ala and Asn452 changed to 
Gin. These substitutions are useful in preventing N-linked glycosolation. 
Additionally, the sequence Gly-Ser(His) 6 (SEP ID NO: 2) may be added to the C- 
terminus. The addition of the sequence Gly-Ser(His) 6 (SEQ ID NO: 2) facilitates 
purification of the polypeptide using metal-chelate affinity resins, such as Ni-NTA 

resins. - 

Recom^^ vectors containing^? nucleotide sequence^nxxjding 

TACB,ox^6riionJh€^f y may bejpre^ed^irfng well kr^a-ln^ 

5sfcells for^^ressionp^T^ p^ly^ptidesjiietude prokararflc, yeasty 
highep^karyoti^c^Ils. Vectm^and ho^tells suitable fpr^sejnr-the pres* 
fiventiog^rfedescribed in^WO 96Mi€l4. Further examrnes^jf suitable expression 
terns that can bp^emplpy^d to express izzwxfop^ TACE ape6rding to the 
present inventipfiinpkt^e mammalian or inse^host cell culturp^xpression systems^ 
including ^eilTovirus systems in insect cells (See I^ckq^and^Stimmers, 
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include 


(1988))atid mammalian celUffies sijetf as COS-7 cells 
Cell 23*Jrf5 (1981)). Additional examples are known in the art and 
described in WO 96/41624. In ooe^embodiment of the invention, the 



TACE polypeptide is expressed in CHOj^IIs. In this embodiment, the cells secrete 
a mixture of TApS'polypeptide b^gifining with Val212 and Arj 

In^ei^mbcKiiment.^sl^ble expressing cells jna) he select* d H etilturing the 
cejis in a drug mat RiU^ those cells that djwtfft incorporate thp^ctor. Examples of 
suitable selectiop^fnethods are deserftied in, for exaippl^ Kaufman, R.J., u Selection 
and coampHfication o^h^terologous genp&^fn mammalian cells," Methods in 
Enzyrn4ogy y 185^5*7-566 (1990). 

Purification of the e>cpi€ssed TACE polypeptide^nay be carrie^otifby any 
suitable means, such ^fhose describe^JrrWO 96/41624. Acedf3ing to one aspect 
of the inventiojw4t is pref^bleto obtain a TACE^polypeptide that is suitable for 
crystallisation. Jn-tSbtaining a TACE polypeptide suitable^iof-crystallization, it Js 
impo*taattfiat the process for purifying the^TACE'polypeptide is sufficiparfo yield 

a polypeptide pure enough to properly crystallize. 

" ^preferred method of purification starts with a suitable amount of medium 
from the culture of TACE-secreting cells. This medium is generally a supernate of 
the culture. The medium contains the TACE polypeptide to be purified. 
Preferably, the TACE polypeptide is recombinantly produced using DNA coding for 
the TACE polypeptide with the sequence altered to encode a conjugate or conjugates 
that facilitate purification. For example, the sequence encoding Gly-Ser-(His) 6 
(SEP ID NO: 2) may be added to the C-terminus to facilitate purification using 
metal-chelate resins. 


25 "" The medium— concentrated^Jb^-exSn^Ife, by diafiltratiorr: Citable 

diafittfation units^clud^aH^tfillipore 10^^tff^of£rt^ft z TFF di^fittration, 
suitable byff£i>s6lution is then addetfitf the concentratelfifiecliuni. Any suitable 
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with a bindi^^grtner^scribed above, pxeifiplary ,rpe2ns for obtaining the TACE 
polypeftfide, as weifas purificatipn-csfthe polypeptide are described abovi 

Cry£t£is may bejwn or formpdoy any suitablejnettfod, includ: 
vapor/diffusion^^b^ch, liquid bridge, and di^lySiC and under^ny suitable 
c^ii^tions^^iystallization hy^rop vaporjiiffusion is often preferable. In addition, 
thos^df skill in the ajTwill apprccKte that the crystal] 

aried. Various iriethods of-£rystallizing polypeptides are^gefierally know^in the 
art. See, for e^amplefWO 95/35367, WO 97/15588, EP 646 599 A2rTGB^30'6 
961 A, and WO 97/08300 

In one embodiment of the invention, a DNA construct comprising TACE 
residues 1-477, with Ser266 changed to Ala, Asn452 changed to Gin, and the 
sequence Gly-Ser-(His) 6 fSEO ID NO: 2) added to the C-terminus, may be 
expressed in CHO cells. These cells primarily secrete a processed mixture of 
TACE, about half beginning with Val212 and about half with Arg215. The mixture 
is purified as described above. The purified TACE polypeptide, with the added 

binding partner, is stored in a buffer as des cribed above. 

The TACE polypepti^e^and binding partner are co-crystallized. The 
TACE/bindinep^trlefsolution, a|/a polypeptide concentratiSnof abomMng/mL to 
abput-^^mg/mL in a TACE buffer descrjbetTabove, is mixpd^with a suitable 
crystallization buffej^tnd crystalliz^d-lising a suitable crystallization technique 
example drop^vapor diffijsidnf Suitable crystallization buffos^fiSr exami 
include^OCl M Na^Acetate pH 5.3, 0.2 jyT^aCl 2 , 30^/vEthan^^lT M Na 
Citrate pH 5^40% v/v Ethanol; O^MNa Citj^pH 8J,Miv/v PEG 4000, 
4&% jy/flsopropanol; and 0. l>TNa Citr^pH 5.4, 20^tf/v PEG 4000, 20% v/v 
gopropanol. The samplp^s incubatetfat a temper^tdre ranging from about 
degrees Celsius. A >/ efystallme^recipitate is \ fanned. 

Seeds ftefm th^efystalline pretipifate oblainecCas whole crystal^ crushed 
crystal suspensions, are trans ferr^tff^lerig with a suitable crystallization promot 
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such as hair of rabbit, to^ solution of congeatrSted TApE/substrate in a 
crystallizatietfbuffer. C^stals suitable fgr-X^ray data cplfcction are formed. 

Another aspect of the iiweirfion relates tp-^ACE polypeptide crystal. One 
such crystal^omprises^rxNF-a copyming enzyme catal^tig^dotf^ 
polypeptide co-crystallized widi^arflnhibitor. The c^ystaTdiffracts to-about 2 A and 
belpiigs to Mtfe^onoclmie^space group P2fr^The crystal'^rit cell comprises four 
^yst^a^raphicaljy^dependen molecules. JFfie TCD molecules are in an 

^ymmetric^iit and arriiot clustered into^c^ate tetramereSjjD^ 
into thi^finite^eriodic structure. TJa^crystal h^s-th^cell constants^a^jStr3^A 
(^stxartij/b = 126.27 A, C = 81.27 A-and^l07.41 c 


O 
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Another aspect of the invention relates to the structure of TACE, particularly 
the structure of the TACE catalytic domain (TCD). The structure of TACE can be 
determined utilizing a crystal comprising a TACE polypeptide as described above. 
According to the present invention, the structure of TACE, and particularly the 
TCD, is determined using X-ray crystallography. Any suitable X-ray diffraction 
method for obtaining three-dimensional structural coordinates of a polypeptide may 
be used. The three-dimensional structure coordinates, or any part thereof that 
characterizes the part of the TACE polypeptide of interest, such as the TACE 
catalytic domain or part thereof that is capable of cleaving the peptide 
PLAQAVRSSS (SEP ID NO: 1) , can be used as described herein. 


tion^Coordina^^ 

25 The invention also rejattffto use of tlj^itructure coordinates^obtaijiedUfrom 

the abov^escribed^X^ay diffraction ^tidies of theJTAeE^catalytic dopain. The 
coordinates jatfy be utilized, bv^rect^aai^s, with the aideaf" computers, or 
itions thereof, to dettoatfiethe structure, including^condaiy^aBd^Teffiary 
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The C-terminal chain comprisingJheHta^^ (Fig. 3) first 

forms three short straightjlmo^^ jparfged segments linked by two 

'narrow" sup£i*wisted loops, returns vi^-tfie tight "Met-turn" Tyr433-Val434- 
Mst435^Tyr436 back to the surfape^where it kinks at Pro437 to form the Pro437- 
Ile438- Ala439 outer "w§Jl^of the ST crevice, approachesjn. 
terminal a-helix y^and runs through it, md-endT^ on the molecular 
surface closp-fb the N^erminus^witff^ie last defined residues Arg473^Ser474 fixed 
via hvdfogen bondsjcHfie main molecular body. Via £ys4l3-Cys453, the first of 
two "napro^' loops is disulfide-linked witfHfie N-terminus of helix hD, whose 
C-Jentfinal end in turn is clamped ta^fae "ear-like" sIV-sV linker peptide through 
Cys365-Cys469. Spatiall}^*d}^ent, the third disulfide bridge of TCD, Cys225- 
Cys333, connects tjie^-terminal parts of p-strands si and sIILJn^ejtltact TACE 
molecule, fpuf residues downstream ofS^H^o^M reside Q[s478r^fiich is 
alreadylntegral part of the^mpact elongated disintegfhT^iomain (Saudek et al. , 
iree-dimeimpimr^tnicture of echjstatftfTthe smallest active RGD protein" 
Bigckefn. 30, 7369-7372^1991)). Considering Ser474 and this Cys478 as pivot 
points of theip-respective domains^Jhej^^ allow relatively- 

uncojastfrcthied--^^ the disintegrin domain to. 

catalytic domain. 


The active-site cleft of TACE (Fig. 2a) is relatively flat on the left hand 
(non-primed) side, but becomes notched towards the right. The catalytic zinc 
residing in its center is penta-coordinated by the three imidazole Ne2 atoms of 
His405, His409 and His415 (provided by the active-site helix and the following 
' 'descending' ' chain comprising the conserved zinc binding consensus motif 
HEXXHXXGXXH) (SEP ID NO: 3) , and by the carbonyl and the hydroxyl oxygen 
of the hydroxamic acid moiety of the inhibiter (see Figs. 1, 2a and 4). This zinc- 
imidazole ensemble is based on the distal e -methyl-sulphur moiety of the strictly 
conserved Met435, harbored in the Met-turn characteristic for the metzincin clan 
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(Bode # a/., "Astacins, serralysins, snake venom and matrix metalloproteinases 
exhibit identical zinc binding environments (HEXXHXXGXXH (SEP ID NO: 3) 
and Met-turn) and topologies and should be grouped into a common family, the 
'metzincins'" FEBS Lett. 331, 134-140 (1993); Stocker et aL, "The metzincins: 
Topological and sequential relations between the astacins, adamalysins, serralysins, 
and matrixins (collagenases) define a superfamily of zinc-peptidases" Protein Sri. 4, 
823-840 (1995)). Both carboxylate oxygens of the "catalytic" Glu406 (which acts 
as a general base during catalysis (Grams et ah, "X-ray structures of human 
neutrophil collagenase complexed with peptide hydroxamate and peptide thiol 
inhibitors: Implications for substrate binding and rational drug design" Eur. /. 
Biochem. 228, 830-841 (1995)) squeezed between the zinc-liganding imidazole of 
His405 and the edge strand, are hydrogen bonded to the hydroxyl and the N-H 
group of the hydroxamic acid (see Fig. 4). To the right of the catalytic zinc opens the 
deep SI' pocket, which, besides the ST wall-forming segment (bottom, Figs. 1 and 
2a), is bordered by the side chains of His405 and Glu406 (left), the sIV main chain 
and the Leu345 side chain (top), and the side chains of Val440 (back) and Ala439 
(right). To the right of Ala439 opens a second (S3') pocket, which inside the 
molecule merges with the SI' pocket, leaving a small bridge made of the opposing 
side chains of Ala439 and Leu348 (Fig. 2a). 

The (pseudo)peptidic paito£ihe-4nhibitor binds in an extende^geoirrer^ to 
the notched right-hgnd-sideof the activate cleft, mimidpa^lfie interactkffi of the 
primed^eSiclues of a productively bound peptide substrate (pig^2a). It runs 
ntiparallel to the upper^liort bulge^ty^46-Thr347-Leu348^id parallel to the ST 
wall-forming segment Pro43>He438-Ala439, maki^giwo and two inter-maio-ehatn" 
hydrogen btfnds, respectively. The dominaptlntermolecu^-i- ^ ;tions are 
by th^Tl' iscjfiutyl (pseudo-leucyl) sid^chain o^tKe inhibitor and th^essentially 
hy^jejrtiobic ST pocket, howeyei\ i&A$rge and accommodates three partially 
ordered solvent molecules in addition. The P2' t-butyk^ide etafin'extends awa> 
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associated C-terminal segmentTof three TNFoc.jno'lecules (Jones et al, "Structure of 
tumor necrosis^factor" Nature 338^225^-228 (1989)) plays ajole^Jn^fe^tive 
-proTNFa comple^UTe base ofjhi!^^ the 
disordered N-tenpktf run up) m^be^recognized byjke^right" side of the TACE 
catalytic cjoitfain (Fjgr^Twith the about^residues long spacer^favormg the_^ 
correef^aeelnent of the proTNFa AK^-Val77^sdssflrp^tide bond in the active 
site of TACE. 


tie polypeptide topology and in particular the surface presentation of the 
catalytic zinc prove the catalytic domain of TACE to be a typical metzincin. (Bode 
et aL y "Astacins, serralysins, snake venom and matmrix metalloproteinases exhibit 
identical zinc binding environments (HEXXHXXGXXH (SEP ID NO: 3) and Met- 
turn) and topologies and should be grouped into a common family, the 'metzincins'" 
FEBS lett. 331, 134-140 (1993); Stocker et al, "The metzincins: Topological and 
sequential relations between the astacins, adamalysins, serralysins, and matrixins 
(coliagenases) define a superfamily of zinc-peptidases" Protein Sci. 4, 823-840 
(1995)) A superposition with the other metzincins shows, however, that its 
topology is most similar to that of the catalytic domain of snake venom 
metalloproteinases such as adamalysin II (Fig. 5). (Gomis-Ruth et al, "First 
structure of a snake venom metalloproteinase: prototype for matrix 
metalloproteinases/collagenases" EMBO 7. 12, 4151-4157 (1993); Zhang et al, 
"Structural interaction of natural and synthetic inhibitors with the venom 
metalloproteinase, atrolysin C (form d) w Proc. Natl. Acad. ScL USA 91, 8447-8451 
(1994); Kumasaka et al, "Crystal structure of H2-proteinase from the venom of 
Trimeresurus flavoviridis" J. Biochem. 119,49-57 (1996)) This close homology is 
reflected by the much better simultaneous superposition of the central sheet and the 
large helices, but in particularly also by a couple of structural features, which 
TACE shares exclusively with the adamalysins such as: the long helix hB and the 
preceding multiple-turn loop arranged on top of the p-sheet; the typically arranged 
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and shaped C-terminal helix hC; and the extended C-terminus placed on the 
backside surface. About 175 of the 263 TACE and 201 adamalysin oc-atoms are 
topological^ equivalent (with an rms deviation of 1.3 A, 39 of which have identical 
side chains (Fig. 3). These numbers are close to those obtained from a comparison 
of members within the different metzincin families. (Stocker et al 7 supra) In 
addition, detailed structural features prove the close relationship of TACE to the 
adamalysins: a more conserved core structure; the loosely arranged N-terminus; the 
characteristic Asp416 (directly following the zinc binding consensus motif, Fig. 3) 
involved in identical intramolecular hydrogen bond interactions; the adjacent 
disulfide bridge Cys423-Cys453 linking the first narrow loop to the C-terminal helix 
hD (which TACE does not share with adamalysin II, but with the H2-proteinase 
from the snake venom of T. flavoviridis) (Kumasaka et al, supra); disulfide bridge 
Cys365-Cys469 connecting the sIV-sV linker with the C-terminal helix hD; a 
similarly shaped active-site cleft, with particularly strong similarities in the SF 

pocket and other primed sub sites. 

The catalytic domain of TACE (TCD)3lsQ^difes^o^adamalysm II in 
several respects: with 263 x^§idues7lfTchain is much lgagerfmost of the additional 
residues ofTAGE^feclustered giving rise tcua-thore projecting hA-sII^ 

"Surface protuberances of the multipie^urn loop, to the-JwCf*ears" of the sIV^ 
linker, and to a more bulpd-tfut sV-hC coijnecfor (see Figs. 3 and^§)f lack of a 
calcium binding site^bm presencejofa third disulfide bridge Cys225-Cys333 in 
TACE, both detnents serynigThowever, for the sanacr^inction namely to clamp the 
N- termy^chainjter^trand sill; the quitejiegp S3' pocket of TACE which merges 
witjnts ^J^pocket; an almost inyefted charge pattern in and around the primed 
s, with an absolute predominance of positive charges in adamalysin. 
According to itsfsequence, and probably with respecWo-i^^ 
structure, the ^FACE catalytic domajn^^lHus not a typical membej^oT^ the 
mammalma^ADAMs propei^rt^mily of membrane-anchgred^ell-surface proteins, 
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- Examp l e 2 ■ Protein Crystalliz ation 


A DNA construct comprising the prodomain and the catalytic domain of 
human TACE (resides 1-477) was fused to the sequence Gly-Ser-(His) 6 (SEP ID 
NO: 2) to facilitate purification of the protein on a Ni-NTA affinity column. 
Chinese Hamster Ovary (CHO) were cells used for protein expression. The cells 
secreted a mixture of mature TACE beginning with either Val212 or Arg215. 
TACE-containing fractions from the Ni-NTA column were incubated in a buffer 
containing octylghicoside and the binding partner N-[D,L-[2- 
(hydroxyaminocarnbonyl)methyl]-4-methyl-pent^noyl)-L-3-(tert-butyl)-glycyl-L^ 
alanine. The final purification step was performed on a gel filtration column. 
Purified TACE was stored in a buffer containing 10 mM Tris/HCL pH 7.5, 100 
mM NaCl, 10% glycerol and 1 mM of inhibitor (TACE buffer). 

crystallization experiments^^re—set-niB at a TACE concentration of 
approximately 5 mg£nilr*ymfcing TACI^iffTACE buffer) in a l:Jj^iia-witlrthe- 
crys^izafion buffers listed beJoWand using thg^sittlng drop vapor diffu§w 
technique. The experimertfs were pejforrfied in duplicate and incukatecfeither at 


about 4°C or at 
crystallization b 

Buffer B) 
Buffer C) 


Er C. Crystalline precipitate was obtained^20°C in the following 
fs: 

0.1 M Na Acetate |.fl 5.3, 0.2 M CaCl 2 , 30% v/v Ethanol 

0. 1 M N^Citrate pH 5.0, 40% v/v Ethanol 

'M Na Citrate pH 8.7, 20% w/v PEGJflQQ r JO%^c/v 
Isopropanol 



Sjh&11 crystals were obt^iae<rupon transferring seeds fronTthe crystalline 

precipitate with ajjairfif a rabbit into a 1:1 mixtiy^tffa. concentrated sample of 

PACE (]>ifig/mL in TACE buffer) witlpeitfi^uffer B or C. Further refinement 

Duffer C resulted in buffer JV^iich allowed the production of crystals suita ble 

for X-ray data collectic 

Buffer PT^^JU-i^TNa Citrate pH 5.4, 20%yrf<f PEGJOQO^Om v/v 
Isopropanol — — " 
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